Abstract.Wear generated by the presence of frictiononknee joint contact surfaces can cause debris, which may lead to failure of the artificial knee joint. In this study, the effects of friction coefficients occur on the knee joint contact surfaces were examined by Finite Element (FE) method. The knee joint was modelled to represent the contact surfaces between femur, meniscus and tibia. The measured angle from 0° to 15° was applied to analyze contact stresses for normal walking condition. It was found that the position angle of the knee joint at 10°offers the maximum value of contact pressure and shear compared to other knee joint position angles.Therefore, further examination was carried out and the FE results showed thattheoptimal friction coefficient was within the range of 0.1 and 0.15.
Introduction
Nowadays, artificial knee joint has become significant in the prostheses development, which functioned to permit the movement during motion and to provide static stability. Its mobility is essential to human motion in helping to overcome the ground irregularities by correcting and positioning the foot orientation. The knee joint is the biggest and complicated joint in the whole human body, which is lying between the hip and the ankle joint. It is also the junction for activities of human lower extremity [1] . The highest forces at the knee joint isobtained during descending stairs or a slope, followed by ascending the slope, and walking. The more intense activity, the higher the force will be exerted, as it is shown by active subjectswalking downhill where eight forces exerted on the body-weights [2] .
Knee joint is one of the most studies in human anatomical articulations due its importance in many activities in our lives [3] . This jointusually exposed to high incidence of joint degeneration and injury and the deformation that occurs in human joint gap. The degeneration of cartilage and meniscus therefore will cause an osteoarthritis which results in abnormal movement of the knee joint and affects the normal acitivities of sufferers. Hence, it is crucial to examine the friction coefficient and contact stresses occur on the knee joint interfaces, particularly on the contact surface between femur, meniscus and tibia. The friction coefficient and the contact stresses were studiedby FE method on the position angleθof knee joint model from 0° to 20° which is analogous to the normal walking condition. Fig. 1 shows the artificial knee joint model in accordance to the established knee joint design [4] by considering the modeler and simulation stability and physical size constraint [5] . There are three parts of knee joint replacement which is femur, meniscus and tibia. The position angle θis defined as the angle from standing position to the position state [6] .The parameter for the thickness of femoral is 5 mm while the upper limit of femoral curvature condyles is 50 mm. The distance from most distal point on condyle to midline in frontal plane is 22.5 mm for the meniscus part, while the menisci curvature of condyle is 22 mm. The thickness of the meniscus is 9.60 mm. The radius is 25 mm for the medial and 36.4 mm for the lateral menisci. The cup length for menisci is 6.50 mm for the medial while 8.7 mm is for the latera while the length for tibia is 52.13 mm.
Materials and Methods
The three dimensional mesh element types used for the meniscus, femur and tibia involved 10 nodes element types, where a smaller geometry with concave surface was assigned as a contact element and a larger concave geometry was considered as a target element. Therefore, the meniscus articulating surface was presented as a contact body with 174 elements while the femur and tibia articulating surfaces as a target bodies with 170 elements. In other word, the smaller geometry size of the contacting bodies were meshed with a smaller size compared to the other non-contacting part. The knee joint model meshes at the contacting surface were refined to obtain an accurate FE results.
The plane stress was used for the FE simulation. All knee joint contact surfaces were assumed to be frictionless. In this study, titanium-alpha-beta alloy was selected as tibia and femur materials because of the excellentbiocompatibility of Ti-6Al-4, especially when direct contact with tissue or bone is required [4] . However, the Ti-6Al-4Vhas poor shear strength that makes it undesirable for bone screws or plates and also has poor surface wear properties which tends to seize when in sliding contact with its surfaces and other metals. Meanwhile, Ultra-Height-Molecular-Weight Polyethylene (UHMWPE) was selected as meniscus in the knee joint model. The UHMWPE was chosen because of its material characteristics which are; low friction coefficient, high resistance to wear, high impact resistance, and high ductility and stability in the body [7] . In addition, the characteristic of crystallinity and density of UHMWPE are lower than that of HDPE [8] , due to the high molecular weight and chain structure.
Previous studies [9, 10] analyzed the knee joint by assuming the 60 kg weight of a person and the load of 200 N of the knee joint was exerted on the knee joint bodies. In this study, the force of 2100 N was applied in Y direction at the nodes of an element located at proximal-most end of the femur, while the tibia and fibula was set to be fixed. A researcher [4] estimated that maximum compressive load on the knee joint during the natural gait fall within 2 to 4 times body weight, therefore the load 2100N is reasonably chosen for typical test load inthis analysis. 
Results and Discussion
In this study, two pairs of contact surfaces were defined: the contact between the femoral and meniscus implants, and the contact between the tibia and meniscus implants. This study examined the distributions of knee joint stresses on the hip implant contact surfaces during normal walking at the angleθ of 0°, 5°, 10°, and 15° as shown in Fig.1 . Fig.2 shows that the maximum stress of 29.1 MPaoccurred on the femoral at 10° position angle. Fig.3 shows the maximum contact pressure The results show that the location of the peak pressure occurred when the maximum contact area was found at knee joint angle of 10° with 30.9MPa. It was observed that the increase of contact pressure is resulted from the decreasing contact area. Fig.4 shows the relationship between the surface stresses with various friction coefficientsµ for the position angleθ of 10°. The maximum value of equivalent stress occurred at friction coefficientµ of 0.12 during normal walking. The contact stress increases as the optimal friction coefficient µwere within the range value of 0.1 and 0.15, and reached its peak value at the friction coefficient of 0.3. This factor is important in the design of meniscus. It is noted that lower friction coefficient on the contact surfacesbetween the femoral and meniscus implants, and between the tibia and meniscus implantswere useful to generate lower wear rate and further improved the performance of the artificialknee joint.
It has been found that there are two main factors that influence the contact stresses of the UHMWPE meniscus; the material of the meniscus andthe friction coefficient µoccurred on the contact surfaces between the femoral and meniscus implants and between the tibia and meniscus implants. In order to improve the knee joint design, these two factors need to be considered. The contact pressure of UHMWPE is decreases as the friction coefficient between the contact interfaces decreases when smooth meniscus is used. Higher coefficient of friction also increases the wear rate [11] . 
Conclusion
The effect of friction on contact surface of the artificial knee joint was successfully examined using FE method. Three-dimensional FE model was developed to determine the equivalent maximum stress, contact pressure, and friction coefficient for human normal walking conditions at theartificial knee joint position angleθ of 0°, 5°, 10°, and 15°. It has been found that the critical conditions occurred on the artificial knee joint position angleθ of 10°,where the contact pressure was found at its peak value. An increase of contact area led to a decrease in contact pressure. Further examination at the artificial knee joint position angleθ of 10° by FE method has resultedin optimal friction coefficientµwithin the range of 0.1 and 0.15. Thus, the contact pressure of UHMWPE decreased as the friction coefficient evaluated onthe contact surfaces between the femoral and meniscus implants, and between the tibia and meniscus implantsdecreased. For future work, the study needs an investigation on wear rate of gait pattern to estimate the lifespan of the knee implant in order to reduce stress yielding that may lead to longer implant life.
